Cryptococcus neoformans has been divided into five serotypes (A, B, C, D and AD) by the slide agglutination test against antigens of the polysaccharide capsule component. The isolates of serotype AD show positive reactions with both serotype A and D antigens. In this study, the nucleotide sequences of the capsuleassociated genes CAP10, CAP59, CAP60 and CAP64 from five serotypes of C. neoformans were analyzed for their phylogenetic relationships, with special regard to serotype AD. The nucleotide sequence analyses showed that serotype AD had two different sequences in these four genes. Phylogenetic analysis revealed that these genes from serotype AD are included in the two clusters of serotypes A and D, but not in serotypes B or C. Southern blot analysis of genomic DNAs of serotypes A, D and AD digested with BamH I by hybridizing with a CAP64 probe indicated that both bands of fragments detected in serotypes A and D were also detected in serotype AD. These results confirm that serotype AD could be a mixture of serotypes A and D in the four CAP genes, consistent with its putative origin detected by the hybridization of these two serotypes. The present results indicated that serotypes of C. neoformans could be identified by the phylogenetic analyses of CAP genes.
Introduction
Cryptococcus neoformans has been classified into two varieties distinguishable by their biochemical characteristics: C. neoformans var. neoformans and C. neoformans var. gattii . C. neoformans is further divided into five serotypes, A, B, C, D, and AD, a distinction easily made by means of the slide agglutination test based on antigens of their polysaccharide capsule components [1] , which were reportedly related to the virulence [2, 3] . C. neoformans var. neoformans is made up of serotypes A, D, and AD, while C. neoformans var. gattii is comprised of serotypes B and C [4] . Since serotype AD shows positive reactions with both serotype A and D antigens by the slide agglutination test, serotype AD is considered to manifest the capsular characters of serotypes A and D, and perhaps to be a hybrid of these two serotypes. Franzot et al . classified serotype A as a new variety, C. neoformans var. grubii [5] , and Boekhout et al . proposed to divide C. neoformans into two separate species based on the evidence from their amplified fragment length polymorphisms (AFLP), i.e., C. neoformans (Sanfelice) Vuillemin of serotypes A, D, and AD, and C. bacillisporus Kwon-Chung of serotypes B and C [6] . Furthermore, Kwon-Chung et al . proposed to conserve the name C. gattii against C. hondurianus and C. bacillisporus [7] .
Chang et al . cloned and sequenced four capsuleassociated genes (CAP10, CAP59, CAP60, CAP64) from C. neoformans serotype D [8 Á/11], and Nakamura et al . sequenced and analyzed the CAP59 gene from 5 serotypes of C. neoformans [12] .
Serotype AD was reported to be a hybrid of serotypes A and D based on a fluorescence-activated cell sorter (FACS) and PCR analyses of CNA1, CLA4 and GPA1 genes by Lengeler et al . [13] , analyses of mating pheromones (MFa1 and MFa1) by Chaturvedi et al . [14] , and analyses of the orotidine monophosphate pyrophosphorylase (URA5) and the laccase (LAC) genes by Xu et al . [15, 16] .
In this study, the genetic relations among serotypes in capsule-associated genes (CAP10, CAP59, CAP60 and CAP64) were investigated, with special regard to serotype AD.
Materials and methods

Strains
The 3 strains each of serotypes A, B, C, D, and AD used are listed in Table 1 . All strains were maintained on sunflower seed agar at 25 o C [17] , and then cultured in Sabouraud's dextrose broth at 25 o C for 3 days prior to use.
Isolation of genomic DNA
Blastoconidia of each strain were lysed with 1 mg of zymolyase-100T (Seikagaku Corporation, Tokyo, Japan) per ml in a lysis buffer containing 0.1 mM EDTA, 1% sodium dodecyl sulfate (SDS), 10 mM Tris hydrochloride (pH 8.0), and 0.3% 2-mercaptoethanol at 37 o C for 3 h. High-molecular weight DNAs were obtained from these samples by phenol and chloroform extraction, and then precipitated with ethanol. These DNA samples were dissolved in distilled water.
PCR amplification
The genomic DNA samples (200 ng) of C. neoformans were amplified by PCR in a reaction mixture (30 ml) containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 200 mM each of deoxynucleoside triphosphate, 1.0 unit of Taq polymerase (Takara, Kyoto, Japan), and 0.5 mg of a pair of primers. The PCR primers used for amplification of the CAP59 gene were designed by Nakamura et al . [13] , and the other primers used in this study were designed from DNA sequences reported by Chang et al . [8, 10, 11] . The annealing temperature, number of cycles, and expected fragment sizes are presented in Table 2 .
Cloning and sequencing of PCR products
Each PCR product was run on 2% agarose gel, stained with ethidium bromide, visualized under UV light, and cloned into pCRII vector (Invitrogen, California, USA). Each plasmid DNA was extracted with a Quantum Prep Plasmid mini Prep Kit (BIO-RAD, California, USA) and sequenced by the dideoxy-chain termination method using an ABI PRISM 310 Genetic Analyzer (Applied Biosystems, California, USA).
Phylogenetic analysis
To examine the phylogenetic relationships among CAP10, CAP59, CAP60 and CAP64 genes, the nucleo- tide sequences were analyzed by Clustal W multiple sequence-alignment programs [18] , and phylogenetic trees were constructed by the TREEVIEW program for displaying phylogenies [19] . Bootstrap analyses were performed on 1,000 random samples taken from a multiple alignment as described by Felsenstein [20] .
Southern blot analysis
The Southern blot analysis of serotypes A, D, and AD was carried out with the DIG-labeled DNA probe extracted from a 406-bp band amplified from serotype A (strain: TLD-ui005) with CAP64 primers, and synthesized with the DIG High Prime DNA Labeling and Detection Starter Kit I (Roche, Mannheim, Germany). Each genomic DNA sample was digested with a restriction endonuclease, Bam H I. The digested DNA was electrophoresed through 1.2% agarose gel and transferred to a hybridization nylon membrane (Biodyne Nylon Membranes, Pall Corp., East Hills, NY, USA). The DNA samples on the membrane were hybridized overnight with a CAP64 probe at 60 o C. Immunological detection was performed according to instructions provided by the kit manufacturer.
Results
Amplifications of the genomic DNA samples with CAP10, CAP59 and CAP60 primers yielded fragments In all strains of serotype AD, the two 382-bp and 406-bp fragments were amplified. Sequence variation of polymorphic nucleotide sites in CAP64 gene within five serotypes are shown in Table 3 . Furthermore, amplification of cDNAs with CAP64 primers yielded the same fragments as those of genomic DNAs (data not shown).
Nucleotide sequence analyses of CAP10, CAP59, CAP60 and CAP64 gene fragments indicated a more than 92%, 89%, 92% and 88% sequence similarity, respectively, among the 5 serotypes, while showing a more than 96%, 98%, 97%, and 93% sequence similarity, respectively, within isolates in the same serotype. The nucleotide sequence analyses showed that all strains of serotype AD had two different sequences in CAP10, CAP59, CAP60 and CAP64 genes.
The phylogenic trees based on CAP10, CAP59, CAP60 and CAP64 gene sequences are shown in Fig.  1 . These trees constructed of CAP10, CAP59, CAP60 and CAP64 genes indicated that the five serotypes were divided into three clusters: serotypes A and AD, serotypes D and AD, and serotypes B and C. Serotype AD was genetically very close to serotypes A and D (Fig. 1) . On the other hand, TLD-0263, which is the exceptional strain, belonged to the cluster of serotypes B and C in the CAP64 phylogenetic tree (Fig. 1d) . The results of Southern blot analysis with a CAP64 probe on genomic DNAs of serotypes A, D, and AD digested with Bam H I are shown in Fig. 2 . The band of an approximately 7.5-kb fragment was detected in serotype A, and that of an approximately 4-kb fragment was in serotype D, and both fragments were also detected in serotype AD.
Discussion
In this study, nucleotide-sequence analyses of C. neoformans CAP10, CAP59, CAP60 and CAP64 genes were in agreement with the conventional classification of varieties and serotypes within this species. Furthermore, an analysis of the CAP64 gene indicated that the lengths of the PCR products of C. neoformans var. grubii (serotype A), C. neoformans var. neoformans (serotype D), and C. neoformans var. gattii (serotypes B and C) differed from each other, suggesting that C. neoformans might be further classified into three varieties. However, serotype AD remains unclassified. In CAP64 gene analysis, the only exceptional strain was TLD-0263, although some other strains of serotype B were also analyzed (data not shown).
As mentioned above, serotype AD is considered to be a mixture of the serological phenotypes of serotypes A and D [1] . Ploidy analysis by flow cytometry has revealed that most strains of serotype AD are diploid regardless of their mating type [21] , and analyses of several genes have implied that serotype AD is a hybrid of serotypes A and D [13 Á/16] . Therefore, we expected that serotype AD might have both genes of serotypes A and D.
Yan et al . reported that some serotype AD strains contained only a single STE20 allele, whose occurrence in these strains was likely the result of a deletion and/or chromosome loss of one mating type allele after hybridization [22] .
The present results indicated that serotypes of C. neoformans could be identified by the phylogenetic analyses of CAP genes. Our molecular analyses of CAP10, CAP59, CAP60 and CAP64 genes demonstrated that all strains of serotype AD had two different nucleotide sequences and belonged simultaneously to the two clusters of serotypes A and serotype D. Furthermore, by Southern blot analysis with a CAP64 probe, the bands of both fragments detected in serotype A and D were also detected in serotype AD. These results indicated that serotype AD contained the genes of both serotypes A and D in four CAP genes, and that it was a genetic mixture of serotypes A and D. 
